This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 


IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 


Europaisch s Patentamt 
European Patent Office 
Office eur peen des br vets 



@ Publication number: 


0 653 252 A1 


EUROPEAN PATENT APPLICATION 


© Application number: 94304876.9 
@ Date of filing: 04.07,94 


© mtCL*:B09C 1/06, H01M 10/54, 
C22B 13/02, C22B 4/00, 
C10B 53/00 


© Priority: 09-11-93 US 149343 

@ Date of publication of application: 
17.05.95 Bulletin 95/20 

© Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IE IT U LU MC 
NLPTSE 

© Applicant EXIDE CORPORATION 
645 Penn Street 
Reading, 

Pennsylvania 19601 (US) 


Inventor Bitler, John A. 
401 S. 4th Street 
Denver, 

Pennsylvania 17517 (US) 
Inventor. Baranski, John P. 
124 Spring Crest Blvd. 
Sinking Spring, 
Pennsylvania 19608 (US) 


© Representative: Jackson, Peter 
HYDE, HEIDE & O'DONNELL 
10-12 Priests Bridge 
London SW15 5JE (GB) 


CM 

in 

CM 

CO 

cr> 

CO 


@ process and system for the remediation of soil containing waste material. 


@ A system and method, including a mobile sys- 
tem, for the remediation of soil containing waste and 
carbonaceous material, especially for the remedi- 
ation .of a mixture of lead-contaminated soil and 
waste lead-acid battery casings, includes a plasma 
arc furnace (18) unit having a plasma arc torch 
which operates at a sufficiently elevated temperature 
to 0) convert part of the mixture into a combustible 
gas, (ii) volatilize contaminants such as lead which 
are present in the mixture and entrain the volatilized 
contaminants as a vapor in the combustible gas, and 
(iii) vitrify the soil, whereby contaminants that were 
present in, the mixture are substantially removed 
therefrom. An internal combustion engine-driven 
generator (102a-102c) supplies the plasma arc fur- 
nace (18) with electrical power and receives com- 
bustible gas from the plasma arc furnace as a fuel 
source in order to drive the generator. The various 
units of the system may be mounted for mobility 
(e.g. on truck beds, rail cars or the like) to permit 
transportation to a landfill in need of remediation. 
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The present invention relates generally to a 
process and system for the remediation of soil 
containing waste material. It is concerned with cer- 
tain modifications and improvements in the inven- 
tion described and claimed in copending and com- 
monly owned US Patent Application Serial No. 
07/973,236 filed on 10 November 1992, and in 
equivalent applications in other states. 

The present invention is especially well suited 
to the remediation of soil which is contaminated 
with lead and/or casings of lead-acid batteries and 
is primarily described herein with reference to that 
application. It may also usefully be employed in the 
remediation of landfill materials generally, for ex- 
ample in the remediation of landfills in which waste 
materials, such as waste paper and/or paperboard 
products, various metals, hydrocarbon fuels and/or 
chemical feedstocks, plastics materials or the like, 
are mixed with landfill soil. 

The safe treatment and disposal of all waste 
materials is demanded in most developed nations. 
In this regard, there is a growing demand on in- 
dustry by environmentalists and government agen- 
cies to alleviate potentially toxic and/or contami- 
nated waste disposal sites that were employed for 
many years prior to the public's heightened envi- 
ronmental concerns and the enactment of envi- 
ronmental legislation. 

For example, a number of now defunct lead- 
acid battery recycling sites were operated where 
lead was reclaimed from spent lead-acid batteries. 
At most such lead-acid battery recycling sites, the 
primary operation consisted of breaking the battery 
case, draining the spent acid, and separating from 
the battery cases the commercially valuable lead to 
be recycled. The broken battery cases, which were 
usually .formed of a non-recyclable, hardened rub- 
ber material known as "ebonite", were of no com- 
mercial value and were thus typically discarded as 
landfill waste. However, It- is now known that these 
discarded battery cases in landfills nonetheless 
were contaminated with sufficient quantities of lead 
that could detrimentally affect the environment. 

Various techniques have been proposed for the 
remediation of landfills containing lead-contaminat- 
ed waste lead-acid battery casings. For example, 
The U.S. Bureau of Mines has proposed a chemi- 
cal reclamation process for waste lead-acid battery 
casings whereby battery casing particles are car- 
bonized by treatment in a sodium or ammonium 
carbonate solution followed by acid washing with 
nitric acetic or flurosiliclc acids. See, "The Haz- 
ardous Waste Consultant", SeptembetfOctober 
1991, pages 1.22-1.24. 

Simply immobilizing the lead contamination at 
landfills has been identified as one possible option 
recently by Royer et al, "Control Technologies for 
Remediation of Contaminated Soil and Waste De- 


posits at Superfund Lead Battery Recycling Sites", 
Journal of Air & Waste Management Association, 
Volume 42, No. 7, pages 970-980 (July 1992). 
However, the authors indicate that immobilization 

5 " by vitrification would be unsuitable due to the com- 
bustible nature of the casings. 

It is therefore desirable to treat contaminated 
landfill materials such as soils contaminated with 
lead and waste lead-acid battery casings so as to 

10 ameliorate the environmental concerns. Further- 
more, it is desirable to provide a system which can 
be readily transported to a landfill site so that the 
remediation could be accomplished on-site, as op- 
posed to shipping the contaminated soil to an off- 

16 site remediation facility. It is towards providing 
such processes and systems that the present in- 
vention is directed. 

Broadly, the present invention comprises a 
system for the remediation of soil containing waste 

20 material comprising: 

a plasma arc furnace having a plasma arc 
torch which operates at a sufficiently elevated tem- 
perature to (i) convert the waste into a combustible 
gas, (H) volatilize the waste material and entrain it 

25 as a vapor in the combustible gas, and (Hi) vitrify 
the soil, whereby waste material is substantially 
removed therefrom. 

The system preferably further comprises a 
combustion apparatus to receive and combust the 

30 combustible gas from said plasma arc furnace. 

The invention further comprises a method for 
the remediation of soil containing waste material 
comprising the steps of: 

(a) feeding a mixture of soil and waste material 
35 into a plasma arc furnace; 

(b) pyrblyzing the mixture in the plasma arc 
furnace for a time sufficient to convert the waste 
material into a combustible gas and to vitrify the 
soil. 

40 The said method preferably further comprises 
the steps of: 

(c) transferring the combustible gas from the 
plasma arc furnace to a combustion apparatus, 
and then 

45 (d) combusting the combustible gas in the com- 
bustion apparatus. 
The system and method are most conveniently 
described with reference to the treatment of lead- 
contaminated soil, especially to such soil which 

50 further includes waste battery casings, but it is to 
be understood that the Invention is not limited to 
this specific application. 

In the treatment of contaminated soil according to 
the invention the plasma arc pyrolyzes the soil so 
55 as to form a vitrified slag and volatilises carbon- 
containing waste material to form a combustible 
gas. The vitrified slag serves as a non-toxic and 
non-leachable host matrix for any minor proportion 
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of waste material that is either not volatilized or 
removed from the plasma arc furnace in a molten 
form. The slag may therefore be crushed and used 
as a commercial material (e.g., roadway aggregate, 
asphalt filler material or the like) or simply trans- 
ferred to a landfill where it poses no environmental 
threat. 

The combustible gas is predominantly carbon mon- 
oxide but may also include entrained waste materi- 
als, such as volatilized heavy metals (e.g. lead). It 
is preferably employed as a primary fuel in a 
combustion apparatus, for example a conventional 
lead smelting furnace. In the case of such a fur- 
nace the volatilized lead entrained in the combus- 
tible gas is thus transferred to the lead recovery 
and environmental protection/control equipment as- 
sociated with the smelting furnace, in one conve- 
nient arrangement the combustion apparatus com- 
prises an internal combustion engine-driven gener- 
ator for supplying said plasma arc furnace with 
electrical power. This arrangement has the attrac- 
tion of using the waste as a source of power for the 
remediation. 

The plasma arc furnace may use a transfer or 
non-transfer plasma arc. 

The system can conveniently comprise addi- 
tional processing equipment, for example a soil 
preparation unit which includes a soil drier for soil 
to be fed to said plasma arc furnace unit, or a slag 
processing unit for processing the vitrified soil dis- 
charged from the plasma arc furnace. Such a slag 
processing unit can conveniently include a crusher 
for comminuting the vitrified soil and a screen for 
sizing the comminuted vitrified soil. 

In some instances it is beneficial before feed- 
ing the soil to the plasma arc furnace (i) to sepa- 
rate the soil from thB waste material and then (n) to 
meter the soil and the waste material into the 
plasma arc furnace in a selected weight ratio. 

Additional carborr, -for example coke breeze or 
coal, can if required be added to the soil to be fed 
to the plasma arc furnace to provide a source of 
carbon monoxide. Similarly it may be beneficial to 
feed a flux material together with the soil into the 
plasma arc furnace. 

If necessary a secondary fuel gas can also be 
supplied to said combustion apparatus as a sup- 
plemental fuel together with said combustible gas 
generated by said plasma arc furnace. 

In many instances it is desirable for a solids 
filtration unit to be interposed between said plasma 
arc furnace and said combustion apparatus. The 
filtration unit then removes from the gas stream 
any toxic materials that must not be allowed to 
escape to the ambient atmosphere. 

The soil plus waste mixture is preferably agi- 
tated, for example by mechanical agitation, during 
pyrolysis by the plasma arc furnace. The agitation 


may usefully include oscillating the plasma arc 
torch relative to the mixture during pyrolysis. 

Furthermore, such plasma arc furnace and as- 
sociated equipment (e.g., generators, fume scrub- 
's bers, and the like) may be mounted on mobile 
platforms (e.g., truck beds, rail cars, and the like) 
so as to be transportable to a battery casing land- 
fill. The plasma arc furnace and- associated equip- 
ment may then be operatively interconnected with 
io one another and operated on-site until the landfill 
remediation is completed. Significantly, the com- 
bustible gas which is generated in the plasma arc 
furnace may be employed as a fuel for electrical 
generators which supply the electrical power nec- 
75 essary for the plasma arc furnace. As such, the 
transportable on-site remediation system of this 
invention can.be self-contained - i.e. will not nec- 
essarily need any externally supplied utilities. 

Further aspects and advantages of this inven- 
20 tion will become apparent after careful consider- 
ation is given to the following detailed description 
of the preferred exemplary embodiments thereof. 

Reference will hereinafter be made to the ac- 
companying drawings wherein like reference nu- 
25 merals throughout the various FIGURES denote 
like elements, and wherein 

FIGURE 1 schematically depicts a flow diagram 
for a particularly preferred process scheme ac- 
cording to this invention; and 
30 FIGURE 2 is a schematic representation for a 
transportable, on-site remediation system ac- 
cording to this invention. 
The accompanying Figure 1 depicts a particu- 
larly preferred process flow diagram according to 
35 the present invention. In this connection, although 
the process depicted in the accompanying Figure 1 
operates on a batchwise basis, continuous process- 
ing according to this invention can equally be en- 
visioned. 

40 The soil plus waste material mixture, in this 
instance soil and battery casing constituents of 
landfill material, are separated from one ainother by 
any suitable mechanical separatory technique ( .g., 
differential specific gravity apparatus, vibratory or 

45 non-vibratory screens, and the like) schematically 
identified as separator 10 in Figure 1; The soil 
component is transferred to a soil hopper 12, while 
the battery casing component is transferred to a 
casing hopper 14. Prior to being deposited into the 

so hopper 14, however, the casings are most prefer- 
ably crushed to a suitable size (e.g„ average par- 
ticle size between 9.5 mm [0.375 inch] and 12.7 
mm [0.5 inch]) by a crusher 16. 

The soil and casings hoppers 12, 14 are pro- 

55 vided with flow control valves 12a, 14a, respec- 
tively, so as to. meter a batch charge having a 
predetermined ratio of soil to casings to the input 
hopper 18a of plasma arc furnace 18. Control of 
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the valves 12a, 14a so as to meter the appropriate 
amounts of soil and casings, respectively, can be 
accomplished in any convenient manner, such as, 
by load scales associated with the hoppers 12, 14 
and/or the furnace 1 8 which supply an input signal 
to a flow controller for the valves 12a, 14a. 

It will be understood that the battery casings 
which are typically associated with lead-contami- 
nated landfills are formed of a hardened rubber 
composite material conventionally called "ebonite". 
The composite hardened rubber material can be a 
synthetic rubber (e.g., styrene-butadiene cross- 
linked with sulfur) having upwards of 40% of a 
carbonaceous material, such as anthracite coal or 
carbon black as a filler material. However, the 
present invention may equally be applied to land- 
fills which may contain waste battery casings 
formed from a more modem polyolefinic resin (e.g., 
polypropylene). 

The battery casings may be characterized as a 
solid organic material, whether formed of the dis- 
continued ebonite material or the more modem 
polyolefinic material. It will therefore be understood 
that the greater the amount of casings in the batch 
charge to the plasma arc furnace 18, the greater 
the amount of combustible CO gas that will be 
produced by pyrolyzing the casings. Thus, since 
the combustible gas that is generated by pyrolyz- 
ing the casings is intended to be used as the 
primary fuel for a conventional smelting furnace 
system (as will be described in greater detail be- 
low), the preferred ratio of soil to casings is deter- 
mined in large part by the fuel requirements of the 
smelting furnace system. By way of example, a 
smelting furnace (or other equipment intended to 
combustibly consume the combustible gas gen- 
erated by the plasma arc furnace according to this 
invention) having a fuel requirement of 88.0 W [30 
x 10 BTU/hr] will typically dictate a soil to casings 
weight ratio of between about 7:1 to 5:1 being fed 
to the plasma arc furnace 18 in order to supply 
100% of such fuel requirement 

The particular type of plasma arc furnace 18 
which is employed in the practice of this invention 
is not particularly critical, provided that rt can 
pyrolyze the waste battery casings. Thus, either 
transfer or non-transfer types of plasma arcs may 
be employed. Similarly, the ionizing gas that may 
be employed to generate the plasma arc can be 
any that is conventionally used for such purpose, 
such as, compressed air, nitrogen and/or argon. 

In the. accompanying Figure 1, the plasma arc 
furnace 18 is depicted as being a conventional 
batch non-transfer plasma arc type. However, as 
indicated previously, a transfer plasma arc type 
furnace could be employed, if desired. Also, the 
furnace 18 could be continuously operated, e.g., by 
providing a continuous supply of soil/casings into 


the furnace, and continuously removing the formed 
vitrified slag therefrom. 

The batch plasma arc furnace 18 depicted in 
the accompanying Figure 1 most preferably in- 

5 " eludes a hydraulic feeding ram 1 8b which serves to 
force the batch charge transferred from the hop- 
pers 12 and 14 into the crucible 18c where it is 
pyrolyzed by the torch 18d. The plasma torch 18d 
is connected to a suitable control system 18e and 

io direct current power supply 1 8f (preferably rated at 
at least about 350 volts and 400 amps) so as to 
generate a plasma flame which contacts the batch 
charge (noted by reference numeral 18g) in the 
crucible 18c. 

76 It may be desirable to include a flux material 

with the mixture of soil and casings charged to the 
furnace 18, particularly when acidic soil is encoun- 
tered, in order to reduce the soil melting point and 
thereby enhance its vitrification. Suitable fluxes 

20 may be, for example, blast furnace slag and/or 
limestone, and may be used in relatively minor 
quantities, e.g., up to 10 wt%, more preferably, 
between about 5 to 10 wt.% of the furnace charge. 
In addition, the charge to the furnace can conve- 

25 niently be converted to reduction conditions by the 
addition of a carbon source (e.g., coke breeze, coal 
or the like) in suitable quantities. 

In order to ensure that the lead-contaminated 
battery casings are completely pyrolyzed by the 

30 flame of the plasma arc torch 18d, it is preferred 
that the batch charge 18g be agitated during its 
pyrolysis. Agitation can be accomplished utilizing 
mechanical agitators within the crucible 18c. How- 
ever, since the temperature of the flame created by 

35 the plasma arc torch 18d, is typically between 
4,000 to 8,000 °C or greater, agitation of the batch 
charge 18g may conveniently be obtained by os- 
cillating the plasma arc torch 18d itself using suit- 
able motor and mounting structures for the torch 

40 18d. Oscillation of the plasma arc torch 18d will 
thus direct the flame along the surface of the batch 
charge 18g and thereby create internal flow agita- 
tion therewithin. Alternatively, agitation of the mol- 
ten furnace charge may occur naturally by virtue of 

45 electrical conductance vectors of the torch. 

The combustible gas which results from 
pyrolyzing the battery casings and the vaporized 
lead (as well as other vaporized metal contamin- 
ants in the soil/casings mixture) entrained thereby 

50 are transferred via line 20 to the smelting furnace 
system SFS. The vitrified slag, on the other hand, 
may be transferred via line 22 to a crusher 24 so 
that it may be broken Into a particulate of selected 
size. The vitrified slag is non-toxic (i.e., since it 

55 does not test out of limits according to Toxicity 
Characteristic Leaching Procedure) and provides a 
host matrix for lead (or any other heavy metal) not 
volatilized during plasma arc furnace pyrolysis. 
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Thus, the vitrified slag may be returned to a landfill 
without risk of environmental concerns or may be 
transferred to a storage site for later use as a 
commercial product (e.g., roadway aggregate,, as- 
phalt fill material, and the like). 

As noted previously, the combustible gas re- 
sulting from pyrolyzing the battery casings is trans- 
ferred to a smelting furnace system SFS which is 
conventionally employed in lead-smelting oper- 
ations. The smelting furnace system SFS thus typi- io 
cally is comprised of a smelting furnace 30 (which 
may be a reverbatory type furnace as is shown in 
the accompanying Figure 1) and downstream envi- 
ronmental control equipment, such as a cooler sec- 
tion 32 (which" condenses any volatilized lead not 75 
recovered in the furnace 30), dust collector section 
34 (which traps finely divided lead-contaminated 
particulates), and a final gas scrubbing section 36. 
The particulates recovered from the cooler and 
dust collector sections 32, 34, respectively, are 20 
recycled to the inlet off the smelting furnace 30 to 
recover substantially all lead. 

The smelting furnace 30 is fueled primarily by 
the combustible gas formed by the pyrolysis of the 
battery casings in the plasma arc furnace 18. How- 25 
ever, there may be instances where the thermal 
capacity of the combustible gas transferred via line 
20 is insufficient to fuel the smelting furnace prop- 
erly. Thus, the smelting furnace is provided accord- 
ing to this invention with a temperature probe 40 
which measures the temperature in the furnace's 
combustion chamber. The temperature signal sup- 
plied by the temperature probe is fed to a fuel flow 
controller 42 which compares the measured tem- 
perature against a temperature set-point and issues 
appropriate output signals to flow control valves 44, 
46, associated with combustible gas line 20 and 
with a natural gas supply line 48, respectively. As a 
result, when the temperature probe 40 detects in- 
adequate temperature existing within the combus- 
tion chamber of the furnace 30 (indicative of inad- 
equate combustion properties and/or inadequate 
flow of combustible gas introduced via line 20), the 
fuel flow controller 42 will then increase the flow of 
natural gas to the furnace 30 from supply line 48 
so as to supplement flow of combustible gas in line 
20. In such a manner, the furnace 30 is maintained 
in continuous operation, even though the plasma 
arc furnace (and its lead-contaminant remediation 
functions) are conducted in a batchwise manner. 

As noted briefly above, the remediation pro- 
cess described In connection with Figure 1 may be 
embodied in a mobile system which can be trans- 
ported easily to a waste lead-acid battery casing 
landfill and operated on-site until the landfill reme- 
diation is complete. A particularly preferred mobile 
remediation system 100 is depicted in accompany- 
ing Figure 2. As is shown, the remediation system 


100 will necessarily include a plasma arc furnace 
18 as described above. However, in the interests of 
mobility and self-contained operation, the plasma 
arc furnace 1 8 will be supplied with electrical pow- 
•5 er by one or more electrical generators 102a-102c 
driven by internal combustion engines 104a-104c, 
respectively. In this regard, the electrical power will 
be directed to a control unit CU so as to control the 
supply of electrical power generated by the gener- 
ators 102a-1O2c to the plasma arc furnace 18. 

The combustible gas which is generated by the 
plasma arc furnace 1 8 may first be passed through 
a heat exchanger 105 and then through a suitabl 
filtration sub-system 106 so as to remove volatil- 
ized lead contaminants entrained in the gas. The 
scrubber sub-system 106 may thus include a cool- 
er, dust collector and flue scrubber to remove the 
volatilized lead contaminant from the stream of 
combustible gas discharged from the furnace 18. 
The combustible gas may then be provided as a 
fuel supply via lines 107 and 109 to one or more of 
the combustion engines 104a-104c (e.g. depending 
upon the power supply needs of the plasma arc 
furnace). In the event that the thermal content of 
the combustible gas generated by the plasma arc 
furnace 18 is insufficient in order to properly power 
the internal combustion engines 104a-104c, how- 
ever, a supplemental fuel such as liquified natural 
gas, propane or the like from source 110 may be 
30 mixed with the combustible gas at valve 112 and 
then supplied to the internal combustion engines 
104a-104c via line 109. In the event that the self- 
contained power supplied by the electrical gener- 
ators 102a-102c is not needed on-site (Le. due to 
35 the availability of on-site electrical power), then the 
valve 114 at the junction of lines 107 and 109 may 
simply be positioned so that the combustible gas is 
directed to an ignitor 116 which bums the combus- 
tible gas in the ambient atmosphere with an appro- 
40 priate scrubber 117. 

Cooling of the plasma arc furnace 18 in the 
system 100 shown in Figure 2 is most preferably 
self-contained. That is, it is preferred that the plas- 
ma arc furnace 18 be cooled by readily transport- 
45 able means. If a supply of water is readily avail- 
able, then the cooling sub-system is most prefer- 
ably comprised of a heat exchanger unit 120 hav- 
ing intake conduits 120a and associated pumps 
120b to supply cooling water and discharge con- 
50 duits 120c to return water to its source (which as 
depicted in Figure 2, may be a natural body of 
water such as a stream, lake or the like). 

The cooling water from the exchanger unit 120 
is directed to an external cooling jacket (not shown) 
55 associated with the plasma arc furnace 18. Upon 
leaving the cooling jacket of the plasma arc furnace 
18, therefore, the water may be directed to the heat 
exchanger 105 associated with the scrubber sub- 
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system 106 to serve as a preliminary heat-ex- 
change fluid with the significantly hotter combus- 
tible gas. The heated liquid will then be transferred 
to the soil preparation subsystem 124 where the 
heat may be employed to dry the lead-contami- 
nated soil from the landfill introduced into hopper 
124a. Thus, the outlet temperature of the water 
discharged from the soil preparation subsystem 
124 will be less as compared to the inlet water 
temperature. As a result, this remaining heat may 
be extracted from the water discharged from the - 
soil preparation subsystem 124 by heat-exchange 
with the cooling water taken from the supply by 
means of the heat exchanger unit 120. Water which 
is returned to the natural source will therefore not 
be at an appreciably high temperature which would 
cause environmental concerns for fish and/or wild- 
life in the vicinity of the remediation system. 

As noted above, the soil/battery casing mixture 
will first be supplied to the soil preparation sub- 
system 124 where it will be dried, comminuted via 
crusher 128 and then supplied the plasma arc 
furnace 18. After processing in the furnace, the 
now vitrified soil (termed "slag") will be transferred 
to a slag processing unit 126 where it will be 
crushed, screened and sized and the like. The 
resulting processed slag may then be returned to 
the landfill site and/or sorted by size in hoppers 
130, 132 and collected for sale as a. usable product 
(e.g. roadway aggregate, etc.). 

The various units may be mounted onto mobile 
platforms as shown by the double dash line repre- 
sentations in Figure 2. That is, the electrical power 
generation system may be mounted onto a mobile 
platform designated by double dashed line 140; the 
plasma furnace 18 and soil preparation subsystems 
124/128 may be mounted oh a mobile platform as 
noted by the double dashed line 142; the heat 
exchanger 105, scrubber 106 and slag processing 
units 126 may be mounted on a mobile platform 
144; and the heat exchange system 120 mounted 
on a mobile platform 146; Of course, the number of 
mobile platforms and the individual unit operations 
supported thereby is dependent upon a variety of 
factors, for example, the size of the mobile remedi- 
ation unit 100 and its processing capacity. Prefer- 
ably, the mobile platforms 140, 142, 144 and 146 
will be truck beds due to the relative ease of 
transporting the equipment overland and the ability 
to access remote landfill sites. However, as those 
in this art can appreciate, other means of self- 
contained mobility (e.g. rail cars) could likewise be 
employed. 

While the invention has been described in con- 
nection with what is presently considered to be the 
most practical and preferred embodiment, it is to 
be understood that the invention is not to be limited 
to the disclosed embodiment, but on the contrary, 


is intended to cover various modifications and 
equivalent arrangements included within the spirit 
and scope of the appended claims. 

5 Claims 

1- A system for the remediation of soil containing 
waste material comprising: 

a plasma arc furnace having a plasma arc 

io torch which operates at a sufficiently elevated 

temperature to (i) convert the waste into a 
combustible gas, (ii) volatilize the waste ma- 
terial and entrain it as a vapor in the combus- 
tible gas, and (Hi) vitrify the soil, whereby 

76 waste material is substantially removed there- 

from. 

2. A system as in claim 1, which further com- 
prises a combustion apparatus to receive and 

20 combust the combustible gas from said plas- 

ma arc furnace. 

3. A system as in claim 2, in which the combus- 
tion apparatus comprises an internal combus- 

25 tion engine-driven generator for supplying said 

plasma arc furnace with electrical power. 

4. A system as in claim 2 or claim 3, further 
comprising a supply of secondary, fuel gas 

30 which is supplied to said combustion appara- 

tus as a supplemental fuel together with said 
combustible gas generated by said plasma arc 
furnace. 

35 5. A system as in any one of claims 2-4, further 
comprising a solids filtration unit interposed 
between said plasma arc furnace and said 
combustion apparatus. 

40 6. A system as in any preceding claim, further 
comprising a soil preparation unit which in- 
cludes a soil drier for soil to be fed to said 
plasma arc furnace unit 

45 7, A system as in any preceding claim, further 
comprising a slag processing unit for process- 
ing the vitrified soil discharged from the plas- 
ma arc furnace unit. 

so 8. A system as in claim 7, wherein said slag 
processing unit includes a crusher for com- 
minuting the vitrified soil. 

9. A system as in claim 8, wherein said slag 
55 processing unit includes a screen for sizing the 

comminuted vitrified soil. 
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10. A method for the remediation of soil containing pyrolysis. 
waste material comprising the steps of: 

(a) feeding a mixture of soil and waste ma- 
terial into a plasma arc furnace; 

(b) pyrolyzing the mixture in the plasma arc *s 
furnace for a time sufficient to convert the 
waste material into a combustible gas and 

to vitrify the soil. 

11. A method as in claim 10, which further com- w 
prises the steps of: 

(c) transferring the combustible gas from 
the plasma arc furnace to a combustion 
apparatus, and then 

(d) combusting the combustible gas in the is 
combustion apparatus. 

12. A method as in claim 10 or claim 11, which 
further comprises adding a carbon source to 

the said mixture. 20 

13- A method as in claim 12, wherein said carbon 
source is coke breeze or coal. 

14. A method as in any one of claims 10-13. 25 
wherein said waste material is lead-contami- 
nated lead-acid battery casings and said com- 
bustion apparatus is a lead smelting furnace. 

15. A method as in any one of claims 10-14, 30 
wherein said step (a) includes feeding a flux 
material together with the mixture of soil and 
waste material into the plasma arc furnace. 

16. A method as in any one of claims 10-15, 35 
wherein said plasma arc furnace uses a trans- 
fer or non-transfer plasma arc. 

17. A method as in any one of claims 10-16, 
wherein prior to said step (a) there are prao- 40 
tised the steps of: 

(i) separating the soil from the waste ma- 
terial; and then 

(ii) metering the soil and the waste material 

into the plasma arc furnace in a selected 45 
weight ratio. 

18. A method as in any one of claims 10-17, 
wherein step (b) includes agitating the mixture 
during pyrolysis by the plasma arc furnace. so 

19. A method as in claim 18, wherein said step of 
agitating the mixture includes subjecting the 
material to mechanical agitation. 
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20. A method as in claim 19, wherein said step of 
agitating the mixture includes oscillating the 
plasma arc torch relative to the mixture during 
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